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ABSTRACT
Recently, a histone H3 variant in Drosophila and
humans, the H3.3 protein, was shown to replace
canonical H3 in active chromatin in a replication-
independent (RI) manner. In the fission yeast
Schizosaccharomyces pombe, there exists a single
form of H3, which is equivalent to H3.3 and is thought
to participate in both replication-independent (RI)
and replication-coupled (RC) nucleosome assembly.
In this study, we show that RI deposition of H3 at het-
erochromatic regions is consistently lower than that
at agene-freeeuchromatic region, and deletion ofthe
conservedheterochromatin-specificproteinsSwi6or
Clr4 markedly increases RI deposition at heterochro-
matic regions such as the silent mating-type loci or
centromeres. These results clearly show that RI
depositionof H3 occurs preferentiallyin euchromatic
regions. We also observed that RI deposition of H3
could be increased at the thi3
1 gene when transcrip-
tion is induced, indicating transcription further facil-
itates RI deposition of H3. Taken together, these
observations demonstrate that selective deposition
of histone H3.3 at transcriptionally active chromatin
by the RI assembly pathway is conserved in fission
yeast and, thus, our data support an essential role of
histone H3 replacement in maintaining active chro-
matin among diverse eukaryotic organisms ranging
from fission yeast to humans.
INTRODUCTION
Nucleosomes, which are composed of 146 bp of DNA
wrapped around an octamer of four core histone proteins,
are fundamental elements of chromatin (1). Deposition of
histone proteins primarily occurs during DNA replication to
complete chromatin duplication (2). However, several studies
indicate that histone proteins can be deposited outside of
S phase in a replication-independent (RI) manner (3–5).
One of the best-characterized histones is the H3.3 protein,
which is an H3 variant, found in Drosophila and humans
that is constitutively expressed throughout the cell cycle (5–8).
H3.3 differs from the canonicalH3 by only four amino acids
but uses a completely different histone chaperone than H3
(HIRA for H3.3 and CAF-I for H3), indicating that cells
have a specialized pathway to assemble H3.3-containing chro-
matin (9). In Drosophila KC cells, H3.3 is enriched at tran-
scriptionally active ribosomal gene arrays on metaphase
chromosomes, and in human U2OS cells, H3.3 is enriched
at artiﬁcially constructed transgenes after transcriptional
activation (5,6). These results strongly suggest that transcrip-
tion may be a critical determinant for H3.3 deposition. How-
ever,bothactive ribosomalgene arrays inDrosophilaKC cells
and activated transgene arrays in human U2OS cells undergo
alterations in their chromatin structures during transcriptional
activation, and it is therefore not possible to determine from
these data whether transcription itself or the alterations in
chromatin formation associated with transcription is the
basis for RI deposition of H3.3 at active loci.
In the ﬁssion yeast, Schizosaccharomyces pombe, histone
H3 exists as a single subtype, which is the equivalent of H3.3
in higher eukaryotes, suggesting that H3.3 is an essential com-
ponent of eukaryotic systems. Therefore, it is likely that the
ﬁssion yeast H3 may be involved in both bulk chromatin
assembly and RI assembly (10).
In this study, to gain further insight into the mechanism of
RI deposition of H3.3, we developed an assay to monitor RI
deposition of histone H3 and H4 in ﬁssion yeast using a chro-
matin immunoprecipitation (ChIP) assay. Using this assay, we
show that RI deposition of ﬁssion yeast H3 occurs preferen-
tially at euchromatic regions. RI deposition of H3 in hetero-
chromatic regions was signiﬁcantly lower than deposition at a
non-transcribed euchromatic locus. Moreover, RI deposition
of H3 at the heterochromatic mating-type region was elevated
by deletion of the heterochromatin-speciﬁc proteins Swi6 or
Clr4, indicating that heterochromatin formation can block
RI deposition of H3. In addition, we observed that RI depos-
ition of H3 can be enhanced by transcriptional activation at
promoter and coding regions of an inducible gene, thi3
+,
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Thus, we conclude that RI deposition of H3.3 is linked to
transcriptionally active chromatin in a wide range of euka-
ryotic organisms.
MATERIALS AND METHODS
Plasmids
pINV1-H3-HA or pINV1-H4-HA was generated by PCR
cloning of hht1
+ or hhf1
+ into the NdeI–NotI sites of the
pINV1-spc1
+-HA6his vector [(11) kindly provided by
Dr. P. Russell]. The correct in-frame fusion and absence of
PCR errors were conﬁrmed by DNA sequencing (data not
shown).
Cell culture and medium
Culture of ﬁssion yeast cells followed standard protocols
(12). Glucose medium for repressing the INV1 promoter
was made by adding 8% glucose to standard EMM medium
(11). Sucrose medium for inducing the invertase promoter
INV1 was glucose depleted EMM medium to which 4%
sucrose was added (11).
Block of DNA replication by HU treatment
Cells transformed with pIVN1-H3-HA or pINV1-H4-HA were
grown in 8% glucose medium at 30 C to a density of 2.5 · 10
6
cells/ml. The cultures were treated with 25 mM hydroxyurea
(HU) for 4 h at 30 C to block DNA replication. The cultures
were then washed with distilled water containing 25 mM HU
and split into two aliquots. One aliquot was transferred to 4%
sucrose medium with 25 mM HU and grown at 30 C for 2 h.
The other aliquot was grown in 8% glucose medium with
25 mM HU at 30 C for 2 h.
Sample preparation for FACS analysis
For ﬂow cytometry, cells were ﬁxed in 70% ethanol at 4 C.
FACS analysis was performed by staining the ﬁxed cells with
propidium iodide. Samples were brieﬂy sonicated before ana-
lysis. FACS analysis was performed according to the manu-
facturer’s instructions (BD FACS Calibur).
ChIP assay
ChIP assays were performed as described previously (13). For
cross-linking, 200 ml of cells at a density of 5 · 10
6 cells/ml
were treated with 1% formaldehyde for 20 min at room
temperature. After puriﬁcation of the chromatin fraction by
ultracentrifugation, chromatin was fragmented to an average
of 500 bp in size by sonication. The resulting extracts were
incubated with an antibody to hemagglutinin (HA) (12CA5,
Roche),anRNApolymeraseIIantibody(CTD4H8,upstate) or
an H3 antibody (AB1791, Abcam) and collected with protein
A (for 12CA5) or proteinG (CTD4H8) Sepharose. Then, DNA
was puriﬁed from the immunoprecipitates and ampliﬁed by
PCR. For PCR, 2 ml of the DNA recovered by ChIP and 2 mlo f
a 1/100 dilution of the whole cell extract (WCE) were used as
the template and subjected to 27 ampliﬁcation cycles that were
in the linear range. For ampliﬁcation of the reference region (a
gene free euchromatic region), two primers, gfr2-upper,
50 CCC AAC ATC CAA AAA TGA GG 30 and gfr2-lower,
50 AAA CCG TAA AGC GTC AAA CG 30, were used. The
reference region corresponds to the nucleotides 13023–13188
of the cosmid SPBC409 which is located in the intergenic
sequence between the wis1 gene and the open reading
frame of SPBC409.08.
RESULTS
Uncoupling H3 or H4 expression from
DNA replication in fission yeast
The ﬁssion yeast S.pombe has only one subtype of histone
H3 which is equivalent to the histone H3 variant, H3.3, in
animals (10). Thus, it is expected that ﬁssion yeast H3 should
be involved in both bulk chromatin assembly and RI assembly.
To speciﬁcally monitor RI deposition of ﬁssion yeast H3 or H4
in vivo, we generated a vector expressing H3 or H4 whose
C-terminus is tagged with HA under the control of an invertase
promoter (INV1). The invertase promoter is repressed when
cells are grown in glucose medium but can be rapidly (within
2 h) induced when cells are grown in sucrose medium (11). To
uncouple the expression of HA-tagged histones from DNA
replication, cells transformed with pINV1-H3-HA or
pINV1-H4-HA and grown in glucose medium were treated
with 25 mM hydroxyurea (HU), which permanently blocks
DNA replication in ﬁssion yeast (14), for 4 h (Figure 1A). The
cultures were then split into two aliquots, one of which was
transferred to sucrose medium to induce H3-HA or H4-HA.
The other aliquot was continuously grown in glucose medium
as a control (see below). After medium exchange, each aliquot
was incubated for an additional 2 h in the presence of 25 mM
HU to induce histone expression. Each sample was then cross-
linked with formaldehyde and subjected to ChIP with an HA
antibody to monitor the incorporation of H3-HA or H4-HA
into chromatin regions.
We conﬁrmed the HU-induced cell cycle arrest by ﬂow
cytometry (Figure 1B). S phase arrest was attained after 4 h
incubation with HU and was maintained at 6 h, by when
histone genes are induced. H3-HA orH4-HA proteininduction
in sucrose medium was monitored by western blot analysis
with an HA antibody (Figure 1C). Prolonged exposure showed
that there are weak signals under glucose-repressed condi-
tions, due to leaky expression of H3-HA or H4-HA grown
in glucose medium (data not shown). We estimated that the
HA-tagged H3 or H4 represent <10% of the total H3 or H4 in
the cell by western blot analysis with an H3 or H4 antibody
(data not shown). Before investigating RI deposition of H3-
HA or H4-HA, we tested whether the epitope-tagged H3 and
H4 are functional and whether cells containing the tagged
histones can grow normally. We conﬁrmed that the induction
of tagged histones in sucrose medium does not affect cell
growth or viability (data not shown) and we then monitored
the chromatin incorporation properties of basally expressed
H3-HA and H4-HA under glucose-repressed conditions. We
used the centromeric region as an indicator since the central
core region (cnt1 and inner parts of imr1 delimited by tandem
tRNA genes, Figure 1D) is occupied by the centromere-
speciﬁc H3 variant Cnp1 instead of canonical H3 (15).
Because histone H4 can pair with both H3 and Cnp1, it is
expected that H4 can be incorporated into the centromeric
regions. When we monitored the incorporation of basally
Nucleic Acids Research, 2005, Vol. 33, No. 22 7103expressed histones, we found that H3-HA was preferentially
incorporated outside of the central core region (imr-2, otr-1
and otr-2) while H4-HA was incorporated into all the centro-
meric regions. By this criterion, we concluded that the tagged
H3 and H4 could functionally interact with chromatin as
effectively as their wild-type counterparts.
RI deposition of H3 or H4 is correlated
with chromatin structure
Next, we asked whether RI deposition of H3 or H4 occurs at
heterochromatic regions or euchromatic regions. For this
experiment, we used a strain containing an ade6
+ reporter
gene inserted near the heterochromatic mat3 locus and a
truncated minigene, ade6-DN/N, at the endogenous euchro-
matic locus. By using a primer pair that can simultaneously
amplify both alleles, we compared RI deposition of H3 and H4
between these alleles in anti-HA-ChIPed samples. When we
monitored RI deposition of H3 or H4 in sucrose-induced sam-
ples, a relative enrichment of  3-fold (3.27 for H3-HA and
2.85 for H4-HA) at the euchromatic reporter was observed,
showing that RI deposition is more active at euchromatic sites
(Figure 2A). To address whether heterochromatin indeed
suppresses RI deposition of H3, we monitored RI deposition
Figure 1. Exogenously expressed H3-HA and H4-HA are functional, as determined by their incorporation into centromeric regions. (A) Experimental strategy for
incorporationofexogenousH3-HAorH4-HAinfissionyeast(seetextfordetails).(B)FACSanalysistomonitorDNAcontentofcellstreatedwith25mMHUatthe
indicated time points. Cells were fixed in 70% ethanol and analyzed by flow cytometry. (C) Induction of exogenous H3-HA or H4-HA in sucrose medium was
analyzedbywesternblotwithanHAantibody.StainingofthemembranewithPonceauredsolutionshowsequalloading.(D)Adiagramofcentromere1andlocations
ofprimerpairsareshownontop.Primerpairsdesignatedcnt1andimr-1arelocatedwithinthecentralcoreregion.Primerpairsdesignatedimr-2,otr-1andotr-2are
locatedwithincentromericheterochromatin.CellscontainingpINV1-H3-HAorpINV1-H4-HAgrowninglucosemediumwith25mMHUfor6hweresubjectedto
ChIPwithproteinASepharoseonly(noAb,control)orproteinASepharoseandHAantibody(a-HA).PCRwiththedesignatedprimerswasperformedfromtheno
Ab sample, a-HA sample, or WCE to detect incorporation of basally expressed H3-HA or H4-HA grown in glucose medium. The reference region is a gene-free
euchromatic region of chromosome 2 (13023–13188). Relative centromeric enrichment shown beneath each lane was calculated by dividing the ratio of the
centromeric loci/reference PCR products in the ChIP sample with that in the WCE sample. The experiments above were repeated at least twice, to ensure
reproducibility.
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ﬁssion yeast (Figure 2B). The ﬁssion yeast silent mating-type
loci form a heterochromatin-like structure whose boundaries
are delimited by insulator elements called IR-L and IR-R (16).
RI deposition of H3 at regions outside of these boundaries,
which are euchromatic, was generally equivalent to levels of
deposition at the reference region. In contrast, RI deposition of
H3 at regions inside the boundaries, which are heterochro-
matic, was consistently lower than the reference region.
The RI deposition pattern of H4 is essentially the same as
that of H3, indicating their pairwise incorporation into chro-
matin. The reference region is a euchromatic but gene-free
region located on chromosome 2 which should not be
transcribed and we did not detect any RNA polymerase II
localization at this locus (data not shown). However, we
cannot exclude the possibility that some undetectable tran-
scriptional activity may allow RI deposition of H3 at the ref-
erenceregiontooccurmoreefﬁcientlythanatheterochromatic
regions. Alternatively, repressive chromatin structure itself
may somehow inhibit RI deposition of H3 in heterochromatic
regions.
Heterochromatin structure blocks RI deposition of H3
To conﬁrm whether heterochromatin structure is required to
block RI assembly at the silent mating-type loci, we monitored
RI deposition of H3 in cells lacking Swi6 or Clr4, conserved
heterochromatin proteins equivalent to HP1 or Suv39h,
respectively (17,18). We found that deletion of Swi6 markedly
increases RI deposition of H3 at silent mating-type loci
Figure2.RIdepositionofH3andH4occurspredominantlyateuchromaticregions.(A)DepositionofH3orH4atthereportersade6
+,locatedintheheterochromatic
mat3locus,andade6-DN/N,locatedinanendogenouseuchromaticlocus,inS.pombegrowninsucrosemedium.Therelativeeuchromaticenrichmentshownbeneath
eachlanewascalculatedbydividingtheratiooftheade6-DN/N/ade6
+PCRproductsintheChIPsamplewiththatintheWCEsampleandthedataarepresentedasthe
mean of triplicate measurements ± SD. (B) A diagram of the mat locus and the locations of primers used are shown at the top. IR-L and IR-R represent the left and
right heterochromatin boundaries, respectively. ChIP analysis with an HA antibody was performed using cells expressing H3-HA or H4-HA in sucrose medium to
measure their incorporation throughout the mat locus (1–33). Relative enrichment of H3-HA or H4-HA at each mat locus was calculated as the ratio of the PCR
products in the ChIP sample to that in the WCE sample for each site (1–33). The ratio is plotted as a log scale and aligned with the map of the mat locus. The
experiments above were repeated at least twice, to ensure reproducibility.
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(Figure 3A). Similar results were observed in cells lacking
Clr4, indicating that the heterochromatin structure formed
by Swi6 and Clr4 blocks RI deposition of H3 at silent
mating-type loci. Silent mating-type loci contain genes or
transcribable elements including mat2, mat3 and cenH
where siRNA precursors are transcribed (19,20) and their tran-
scription is subject to chromatin structure modiﬁcations. Thus,
these experiments cannot distinguish whether alterations in
chromatin structure or in transcriptional activity are respons-
ible for the increased RI deposition of H3 in the absence of
Swi6 or Clr4. Next, to conﬁrm the inhibitory role of hetero-
chromatin on RI assembly, we monitored RI deposition of H3
at centromeric heterochromatin. Consistent with the silent mat
locus data, we observed that disruption of heterochromatin
structure by deletion of swi6
+ or clr4
+ increases RI deposition
of H3 at centromeric heterochromatin (Figure 3B). We also
noteda greaterincreaseinRI depositionofH3atthis regionby
deletion of clr4
+ than by deletion of swi6
+. Previous data have
shown that deletion of clr4
+ weakens centromeric heterochro-
matin more profoundly than deletion of swi6
+, unlike the silent
mating-type loci where deletion of either gene displays similar
effects (21). Thus, the greater effect of Dclr4 on RI deposition
at centromeric heterochromatin may be due to the greater
disruption of heterochromatin structure or more robust tran-
scription in Dclr4 cells than in Dswi6 cells. We conﬁrmed that
the cell cycle arrest by HU was not affected by deletion of
swi6
+ or clr4
+ by ﬂow cytometry (Figure 3C).
Heterochromatin structure does not alter
histone H3 occupancy
Heterochromatin can block access of proteins such as the
Escherichia coli dam methylase (22,23). Thus, one can
Figure3.RIdepositionofH3atsilentmatlociisincreasedbydeletionofswi6
+orclr4
+.(A)ChIPanalysiswithanHAantibodywasperformedwithwild-type(WT),
Dswi6,orDclr4cellsexpressingH3-HAinsucrosemediumtomeasureitsincorporationthroughoutthematlocus(sites1–33).RelativeenrichmentofH3-HAineach
strain was calculated and plotted as a log scale as described in Figure 2C. (B) The same ChIP samples used in (A) were subjected to PCR with primer pairs
corresponding to centromeric heterochromatin (imr-2, otr-1 and otr-2), as shown in Figure 1C. (C) FACS analysis was performed to monitor DNA content of WT,
Dswi6,o rDclr4 cells treated with 25 mM HU at the designated time points. The experiments above were repeated at least twice, to ensure reproducibility.
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matic regions by Dswi6 or Dclr4 might reﬂect alterations in
antibody accessibility or histone-DNA interactions that affect
cross-linking efﬁciency. If this is the case, then ChIP with an
antibody recognizing endogenous histone H3 would be expec-
ted to produce results similar to the data presented above. To
test this possibility, we performed ChIP analysis with an anti-
body recognizing the C-terminus of histone H3 in wild-type,
Dswi6 or Dclr4 cells (Figure 4A). In wild-type cells, we found
no gross differences in H3 occupancy in heterochromatin and
euchromatin regions of the mating-type loci. In addition, we
could not ﬁnd any marked changes in H3 occupancy at
heterochromatic regions in cells lacking Swi6 or Clr4. The
occupancy of histone H3 was also measured at centromeric
heterochromatin,where Dswi6orDclr4cells showedincreased
RI deposition of histone H3-HA (Figure 4B). Again, we could
not observe any difference in H3 occupancy among the strains,
supporting the conclusion that inhibition of RI deposition at
heterochromatic regions is not due to lower cross-linking efﬁ-
ciency or histone occupancy in heterochromatic regions.
Transcription by RNA polymerase II can enhance RI
deposition of H3 at promoter and coding regions of thi3
+
Recently, it has been reported in Drosophila and human that
H3.3 becomes enrichedin active chromatinwhen transcription
Figure 4. The total occupancy of histone H3 at the silent mat loci is not altered by deletion of swi6
+ or clr4
+.( A) ChIP analysis with an H3 antibodywas performed
with the same samples used in Figure 3 to measure H3 occupancy throughout the mat locus (sites 1–33). (B) The same ChIP samples were subjected to PCR with
primer pairs corresponding to centromeric heterochromatin (imr-2, otr-1 and otr-2), as shown in Figure 1C. The experiments above were repeated at least twice, to
ensure reproducibility.
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histone occupancies decrease in proportion to transcriptional
activity (24–28). Thus, it is possible that transcription may
enhance RI deposition of histone H3 in ﬁssion yeast as demon-
strated in other organisms. To test this hypothesis, we mon-
itored transcription-dependent RI deposition of H3 at an
inducible gene thi3
+ (Figure 5A). This gene is repressed
when thiamine is present in culture medium but is highly
induced when thiamine is absent in the medium (29). When
transcription is repressed (+Thiamine), RI deposition of H3 at
the promoter (primer set 1) and coding (primer sets 2–5)
regions is similar to the reference region. However, when
transcription is induced ( Thiamine), RI deposition of H3
is signiﬁcantly increased at the promoter and coding regions
ofthi3
+.Notably, RI deposition of H3 at the promoter region is
consistently higher than at coding regions, indicating that H3
exchange may be most active at promoter regions where nuc-
leosome remodeling is expected to occur (Figure 5B). Con-
sistent with this observation, a recent study shows that H3.3
preferentially localizes to promoter regions in mouse (30). To
conﬁrm whether the difference in RI deposition in these sam-
ples is indeed due to the difference in transcription by RNA
polymerase II, we analyzed binding of RNA polymerase II in
each sample using ChIP (Figure 5A). As expected, RNA poly-
merase II is localized to the promoter and coding regions only
when transcription is induced ( Thiamine). Next, to deter-
mine whether increased RI deposition by transcription is due
to conformational changes affecting cross-linking efﬁciency,
we examined histone H3 densities in the same samples
(Figure 5C). In contrast to the increased RI deposition of
H3-HA by transcriptional induction, we found that the
endogenous histone H3 occupancy was rather decreased at
the promoter and coding regions of thi3
+ in transcriptionally
active cells. This result clearly shows that the enhanced RI
deposition of histone H3 by transcriptional activation at
thi3
+ is genuine and suggests that the increase in RI deposition
might be more robust than previously measured. At loci where
transcription is highly active such as the induced thi3
+ gene,
histone displacement may be more efﬁcient than reassembly,
resulting in the net loss of histone proteins at those loci. The
most robust loss of histone H3 was detected at the promoter
where RI deposition of H3-HA occurred most actively. Based
on these results, we propose that transcription enhances RI
deposition of H3at RNA polymerase II-transcribed genes such
as thi3
+, especially at their promoter regions.
DISCUSSION
In this study, we investigated RI incorporation of histone H3
into chromatin in ﬁssion yeast. As ﬁssion yeast possesses only
onesubtypeofhistone H3,whichisequivalent tothe metazoan
H3.3, we monitored exogenously expressed, HA-tagged H3 in
DNA replication-blocked cells to assess RI deposition of his-
tone H3. To block DNA replication, we used hydroxyurea
whose treatment arrests cells early in S phase. To arrest
cells before entering S phase, we examined the use of a
temperature-sensitive cell division cycle mutant (cdc10
ts).
However, to arrest cells at G1, cdc10
ts mutants require incuba-
tion at high temperature, which is knownto affect higher-order
chromatin structure in ﬁssion yeast (31,32). Therefore, we
used HU throughout these experiments since it does not
Figure5.TranscriptionenhancesRIdepositionofH3atpromoterandcodingregionsofthi3
+.(A)Adiagramshowingthepromoter(TATA)andcodingregionofthe
thi3
+gene. The locationof each primerpair is shownontop. Samplesgrown in sucrosemediumin the presence(+T)or absenceofthiamine( T) weresubjected to
ChIPanalysiswithanHAantibodyoranRNApolymeraseII(RNAPII)antibody.(B)TheH3-HAenrichmentatthi3
+ineachsamplewasquantifiedandtherelative
enrichment of RI deposited H3-HA at each locus is shown as the mean ± SD of triplicate samples. (C) The total occupancy of histone H3 at thi3
+ in each sample.
The same extracts used in (A) were subjectedto ChIP analysis with an anti H3 antibodyto assess the level of total histone H3 bound to each locus. The experiments
above were repeated at least twice, to ensure reproducibility.
7108 Nucleic Acids Research, 2005, Vol. 33, No. 22require any temperature shift. Nevertheless, we found that RI
deposition using cdc10
ts was very similar to that using HU
(E.S. Choi, Y.K. Jang, unpublished data).
The central conclusion of our study is that RI deposition of
histone H3 (and probably H4 as well) occurs predominantly at
euchromatic regions. As RI deposition of H3 or H4 implies the
displacement of pre-existing histones, we propose that loss of
H3-H4 tetramers (ornucleosome octamers) may occur tosome
degree at open chromatin even in the absence of transcription.
As we observed both robust loss of total histone H3 and
increased RI deposition of exogenously expressed H3 at
thi3
+ gene upon transcriptional induction, we concluded
that transcription at active chromatin may induce H3 displace-
ment and reassembly by the RI pathway. In fact, previous
studies in Drosophila revealed that RI deposition of H3.3
occurs primarily at euchromatic regions where most transcrip-
tionally active genes reside (5,7,8). Although the exact mech-
anism by which transcription induces histone replacement is
largely unknown, it may involve the action of chromatin
remodeling machinery associated with transcription.
Previous studies (5–8) have suggested that RI deposition of
histone H3.3 is blocked at heterochromatic regions. In the
present study, we showed this is the case in ﬁssion yeast as
well. However, the mechanism by which heterochromatin
inhibits H3/H3.3 replacement is largely unknown. As ﬁssion
yeast heterochromatic regions contain transcribed elements
including siRNA precursors, heterochromatin may inhibit
RI deposition by simply blocking transcription of such ele-
ments. Alternative possibilities assume more direct roles of
heterochromatin.
Although little is known about internucleosomal forces
within heterochromatin, several possibilities can be inferred
from known properties of heterochromatin. First, the chro-
modomain of HP1 binds the H3 tail methylated at lysine
9andthechromoshadow domainofHP1mediatesassociations
between HP1 proteins (33–35). Thus, multimeric associations
of HP1 can cross-link neighboring nucleosomes within het-
erochromatin, limiting their mobility. Second, heterochro-
matin blocks access of proteins such as E.coli dam
methylases (22,23). Thus, it is possible that factors required
for histone exchange such as ATP-dependent remodeling fac-
tors and/or histone-modifying enzymes cannot access nucle-
osomes within heterochromatin. An example of such
remodeling factors (and histone modifying enzymes) globally
working at euchromatic regions was identiﬁed in budding
yeast (36–38).
In summary, our study demonstrates that RI deposition of
H3 in ﬁssion yeast occurs at active chromatin where genes
reside and transcription is high. Thus, it is likely that histone
H3 replacement is intimately linked to transcription in ﬁssion
yeast as well as other eukaryotic organisms. This conservation
suggests that H3.3 replacement may be fundamental to main-
tain transcriptionally active chromatin, in eukaryotes ranging
from yeast to human. Considering the relative ease of genetic
manipulations in ﬁssion yeast, this evolutionary conservation
would make our experimental system a valuable tool for fur-
ther delineating roles and mechanisms of RI deposition of
H3.3 in eukaryotic cells, e.g. elucidation of the precise role
of chromatin structure in regulating RI deposition, the mech-
anism of histone replacement by transcription and identiﬁca-
tion of factors involved in these processes.
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